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Purpose of review: Although the input of multiparameter flow cytometry (MFC) into 
the clinical management of multiple myeloma (MM) patients has faced some 
reluctance, continuously growing evidence supports the utility of MFC in this disease. 
Recent findings: MFC immunophenotyping of bone marrow and peripheral blood 
plasma cells affords cost-effective assessment of clonality, and provides prognostic 
information on the risk of progression in smoldering MM, and the identification of active 
MM patients with dismal outcome (e.g.: high numbers of circulating tumor cells) or 
long-term survival despite sub-optimal responses through the characterization of 
MGUS-like phenotypes. Extensive data indicates that MRD monitoring can be used as 
biomarker to evaluate treatment efficacy and act as surrogate for survival. The time has 
come to address within clinical trials, the exact role of baseline risk factors and MRD 
monitoring for tailored therapy in MM, which implies systematic usage of highly 
sensitive cost-effective, readily available and standardized MRD techniques such as 
MFC. 
Summary: Next-generation MFC should be considered mandatory in the routine 
evaluation of MM patients both at diagnosis and after therapy, and represents an 
attractive technique to integrate with high-throughput DNA and RNA-seq methods to 
help understanding the mechanisms behind dissemination and chemoresistance of 
MM. 
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Introduction 
 Multiple myeloma (MM) is a plasma cell (PC) dyscrasia that accounts for 1% of 
all cancers and approximately 10% of all hematologic malignancies.(1) Almost all 
patients with MM evolve from an asymptomatic pre-malignant stage termed 
monoclonal gammopathy of undetermined significance (MGUS).(2) In some patients, 
an intermediate asymptomatic but more advanced premalignant stage referred to as 
smoldering MM (SMM) can be recognized clinically, which progresses to MM at a rate 
of approximately 10% per year over the first 5 years following diagnosis.(3) 
 Multiparameter flow cytometry (MFC) immunophenotyping is considered to be 
mandatory for the diagnosis and monitoring in a vast number of hematological 
malignancies.(4) Although MM should be no exception, the input of MFC into the 
clinical management of these patients has faced some reluctance.(5) According to the 
International Myeloma Working Group (IMWG), clonality of PCs should be preferably 
established by immunohistochemistry since MFC immunophenotyping may still not be 
widely available and standardized for general use.(6) Furthermore, MFC affords lower 
bone marrow (BM) PC frequencies versus reference morphological approaches, which 
are partly explained by the association of PC with lipid-enriched BM spicules.(7) That 
notwithstanding, MFC is particularly well-suited to study biological samples containing 
PCs because it allows: i) simultaneous identification and characterization of single PCs 
based on multiple parameters, ii) evaluation of high cell numbers in a few hours, iii) 
quantitative assessment of different cell populations and their corresponding antigen 
expression levels, iv) combined detection of cell surface and intracellular antigens.(8) 
Accordingly, the utility of MFC in the management of MM patients is here reviewed. 
 
Immunophenotypic discrimination between normal vs clonal BM PCs and clinical 
outcomes 
 There is strong evidence that the phenotypic characteristics of clonal PCs differ 
from their normal counterpart in terms of antigenic expression(4,5), and phenotypically 
aberrant PCs typically show amongst others: i) underexpression of CD19, CD27, 
CD38, and/or CD45; ii) overexpression of CD28, CD33 and CD56 and/or; iii) 
asynchronous expression of CD20, CD117 and/or surface immunoglobulins. From a 
clinical point of view, the distinction between normal and clonal PCs has shown to be of 
clinical utility in i) the differential diagnosis between MGUS and MM(9), ii) the 
evaluation of the risk of transformation of MGUS and smoldering MM into symptomatic 
MM (10)and, iii) the identification of a good prognosis subgroup of symptomatic MM 
patients.(11) Accordingly, the Spanish Myeloma Group (GEM/PETHEMA) has made an 
effort to strengthen MFC immunophenotyping using novel EuroFlow-based software 
analysis tools to develop an automated classification model focused on the analysis of 
the PC compartment and capable of identifying newly diagnosed symptomatic MM 
patients with a baseline MGUS-like profile (ie. coexistence of normal and clonal PCs). 
This small subset (8% of all cases) shows an unprecedented time to progression (TTP) 
of 59% at 10 years, and its prognosis is not dependent on the depth of response 
achieved [i.e.: complete remission (CR) vs no CR).(12) The prospective identification of 
this signature may contribute to discriminate a suboptimal response that requires 
additional treatment from a residual ‘MGUS-like component’ that may remain stable 
without further treatment. In addition, the model also contributed to the identification of 
smoldering MM patients at high risk of transformation to MM (median time to 
progression of 15 months).(12) Noteworthy, the reference data set and classification 
algorithm developed can be equally built or shared across different myeloma centers; 
this is particularly relevant due to the perception that MFC immunophenotyping is 
difficult to standardize, and those technological developments that could help 
standardizing MFC would be mostly welcomed.(13) 
 
Quantification of circulating tumor plasma cells (CTCs)  
 The quantification of CTCs and its negative prognostic impact in PC disorders 
has been demonstrated along the entire spectrum of the disease, from MGUS to 
smoldering MM, as well as in newly diagnosed and relapsed/refractory MM.(14-18) In 
particular, high levels of CTCs identify SMM patients with high risk of progression 
within the first years following diagnosis (71% at 2-years) (14,18), as well as 
symptomatic MM patients with standard-risk cytogenetics but dismal overall survival 
(OS) due to high CTCs numbers.(15) From a biologic point of view, we have recently 
shown that CTCs represent a unique subset of patient-paired BM clonal PCs with 
clonogenic potential and a quiescent phenotype, which may potentially be driven to 
circulate by circadian rhythms.(19) Thus, understanding the biologic features of CTCs 
may represent a unique model to understand and hopefully revert the extramedullary 
dissemination of MM.(20)  
 
Minimal residual disease (MRD) monitoring 
At present it is clear that in MM there is a direct correlation between depth of 
response, particularly CR, and prolonged progression-free survival (PFS) as well as 
OS.(21) With the introduction of highly-effective multidrug combinations almost 100% 
of overall response rates are observed, with over 50%-80% of patients reaching CR. 
Since a significant proportion of patients relapse despite achieving these “deep 
remissions”, it becomes clear that the definition of CR would benefit from an 
improvement that matches the unprecedented evolution observed in the MM treatment. 
Such improvement can only be accomplished by incorporating highly-sensitive 
techniques able to detect MRD at very low levels. 
 Several groups have demonstrated the utility of MFC in the detection of 
MRD.(22)  In transplant-eligible MM patients, it has been shown that PFS of MRD-
negative cases at least doubled that of MRD-positive CR patients.(23-29) Conversely, 
CR patients with persistent MRD had significantly inferior OS vs. MRD-negative cases. 
These results support the rationale for implementing MRD assessment to redefine and 
improve current CR criteria in MM. Since an optimal balance between treatment 
efficacy and toxicity is of utmost importance in elderly MM, sensitive MRD monitoring 
might be particularly valuable in this patient population. However, the prognostic value 
of MRD assessment was not investigated outside of the (stem cell transplantation) SCT 
setting until the incorporation of novel agents into the treatment of patients who were 
not fit for SCT (24,30-33), increased CR rates and prolonged survival. Most recently, 
we have used 2nd generation MFC to monitor MRD in 162 transplant-ineligible MM 
patients enrolled in the PETHEMA/GEM2010MAS65 study. The transition from 1st to 
2nd generation MFC resulted in increased sensitivity, and patients’ MRD status was an 
independent prognostic factor for time-to progression and OS.(32) Accordingly (and 
similarly to transplant-candidates), MRD monitoring is one of the most relevant 
prognostic factors in elderly MM, irrespectively of patients’ age and cytogenetic risk. 
This is particularly relevant since in MM it has been suggested that attaining CR could 
be critical only for patients with high-risk disease, while those with more indolent 
biology may not particularly benefit. However, after the PETHEMA/GEM reported that 
risk assessment by FISH and flow-MRD monitoring were of independent prognostic 
value(28), Rawstron et al. have reproduced and confirmed that the presence of MRD is 
a strong predictor of outcome in patients with both favorable and adverse cytogenetic 
profiles.(24) Further analyses by the PETHEMA/GEM have shown that combined 
cytogenetic evaluation of PCs at diagnosis plus MRD assessment after SCT resulted in 
a highly-effective approach to identify patients with unsustained CR and dismal 
outcomes (2-years median OS for cases with baseline high-risk cytogenetics plus 
persistent MRD).(27)  
 As noted above, the sensitivity of MFC has recently increased due to 
simultaneous assessment of >8 markers and evaluation of greater numbers of cells 
than what was previously feasible with analogical (4-color) instruments.(32) Thus, the 
availability of >8-color digital flow cytometers coupled to novel sample preparation 
procedures that allow fast and cost-effective routine evaluation of >5 million nucleated 
cells, has boosted the sensitivity of modern MFC-based MRD monitoring into that 
achieved on molecular grounds (≤10-5). It should be noted that current sensitivity of 
MFC is at least 1-log superior than that of previous MFC analyses (10-4); therefore, 
ongoing MFC-based MRD monitoring should result in improved patient’ risk 
stratification vs. 4- or 6-color analyses. Equally important, 8-color flow-MRD methods 
incorporate a sample quality check of BM cellularity via simultaneous detection of B-
cell precursors, erythroblasts, myeloid precursors and/or mast cells. This information is 
critical to ensure sample quality and to identify hemodiluted BM aspirates that may lead 
to false-negative results.(8) The need for extensive expertise to analyze flow cytometric 
data, together with the lack of well-standardized flow-MRD methods have been pointed 
out as additional and perhaps the main limitations of conventional MFC 
immunophenotyping.(8) However, new software programs have been developed in 
recent years with improved multidimensional identification and classification of different 
cell clusters coexisting in a sample (e.g. through principal component analysis and 
canonical analysis). These tools together with the use of normal and tumor reference 
databases, allow for automated detection of normal vs. aberrant phenotypic profiles.(4) 
If such methods become now widely adopted, MFC would represent a method of 
choice for cost-effective yet highly-sensitive, standardized MRD monitoring. 
Accordingly, the IMWG has most recently developed novel response criteria that 
includes MRD monitoring and the flow-MRD negative criterion: absence of 
phenotypically aberrant clonal plasma cells by next-generation flow cytometry on bone 
marrow aspirates using the EuroFlow standard operation procedure for MRD detection 
in MM (or validated equivalent method) with a minimum sensitivity of 1 in 105 nucleated 
cells or higher.(34)  
 The importance of attaining an MRD-negative status was recently highlighted by 
Barlogie et al, which have shown that the vast majority of CR patients achieving long-
term survival (10-years relapse-free), were also MRD-negative.(35) However, attaining 
deep-remission is not a pre-requisite in order to achieve long-term disease control, at 
least in specific cases, and more accurate identification of such patients should also 
become a research priority. Accordingly, we have recently evaluated whether the BM 
immune profile of individual patients at the time of MRD assessment could also be 
predictive of outcome, and developed individual patient’ immune signatures based on 
the unsupervised BM distribution of 13 immune cell populations identified with the 2nd 
generation MFC assay. This approach revealed the existence of 3 patient clusters that 
were segregated by progressively increasing numbers of erythroblasts and B-cell 
precursors, together with progressively decreasing numbers of mature naïve and 
memory B-cells, and were associated with significantly different OS.(32) These data 
showed for the first time that immune profiling in MM after therapy, in parallel to MRD 
monitoring, may contribute to identify a subset of patients that albeit being MRD-
positive can still experience prolonged survival due to a unique immune signature 
specifically characterized by a more prominent regeneration of mature B-lymphocytes. 
In fact, a similar immune signature was previously found in both MRD negative and 
positive MM patients reaching long-term disease control.(36)  
 From a biologic point of view, it should be noted that MRD represents a very 
small fraction of all diagnostic tumor cells which are chemoresistant, potentially 
quiescent (not producing M-protein), and able to recapitulate the initial tumor burden at 
relapse. Thereby, a better understanding of the biologic signature of MRD vs. 
diagnostic cells could potentially contribute to gain insight in the mechanisms of 
chemoresistance at the MRD level, and the potential discovery of novel therapeutic 
targets. In this regard, we have recently reported for the first time the biologic features 
of MRD cells in MM.(37,38) Overall, our results revealed that the MRD subclone is 
enriched in cells over-expressing integrins (CD11a/CD11c/CD29/CD49d/CD49e), 
chemokine receptors (CXCR4) and adhesion molecules (CD44/CD54). Genetic 
profiling of MRD vs. diagnostic PCs showed either identical copy number alterations 
(CNAs) or additional CNAs that emerged at the MRD stage. Accordingly, the MRD 
subclone showed significant downregulation of genes related to protein processing in 
endoplasmic reticulum, as well as novel deregulated genes such as ALCAM that is 
prognostically relevant in MM and may identify chemoresistant PCs in vitro. Altogether, 
these results suggested that therapy-induced clonal selection could be already present 
at the MRD stage, where chemoresistant PCs show a singular phenotypic signature 
that may result from the persistence of clones with different genetic and gene 
expression profiles.(37) 
 
Other clinical applications of MFC immunophenotyping 
 As noted above, MFC is commonly used to monitor MRD in MM due to its 
widespread availability, fast turnaround, and the amount of information obtained upon 
enumeration of different cell populations and their corresponding antigen expression 
levels. Thus, MFC could potentially be used not only to monitor MRD, but also to offer 
additional prognostic information based on MM PC phenotypes. One of such markers 
is CD117, for which the favorable prognosis of CD117+ MM patients (39) has been 
hypothesized due to an altered homing of clonal PCs in the BM towards neutrophil 
precursor niches, thereby contributing to a greater maintenance of residual normal 
PCs.(40) Conversely, the adverse prognosis associated to CD28 expression initially 
attributed to a strong association with adverse cytogenetic alterations (39), has been 
more recently related to a pro-survival signaling provided through PC-dendritic cell 
interaction.(41,42) CD19 expression has been described in 5-10% of MM cases (39), 
and conferred inferior survival in a series of transplant-eligible patients treated prior to 
the incorporation of novel agents.(39) More recent studies from our group showed that 
the expression of CD81 in clonal PCs is an independent prognostic factor for patients 
with symptomatic MM and a marker for risk of progression in SMM.(43) In fact, we 
have most recently demonstrated in healthy individuals that the CD19-CD81 
expression axis identifies three BM PC subsets with distinct age-prevalence, 
proliferation, replication-history, immunoglobulin-production, and phenotype, consistent 
with progressively increased differentiation from CD19+CD81+ into CD19-CD81+ and 
CD19-CD81- BMPCs.(44) Subsequently, we demonstrated that myeloma PCs fit into 
such a model of normal BMPC differentiation, and that patients with less-differentiated 
clones had dismal survival. PC differentiation is also related to therapy-induced 
selective pressure, through which less-differentiated PCs subclones become enriched 
from diagnosis into MRD stages in a subset of MM patients. Most interestingly, less-
differentiated PCs maintain the expression of genes related to preceding B-cell stages, 
and show different mutation profiles as compared to fully-differentiated PC subclones 
within individual MM patients.(44) These observations have shed new light into PC 
plasticity and demonstrated that MM patients harboring less-differentiated PCs have 
dismal survival, which might be related to higher chemoresistant potential plus different 
molecular and genomic profiles.(44) In parallel, the breakthrough of immunotherapy in 
MM makes MFC an attractive technique to measure the expression of novel 
therapeutic targets such as the PD-1/PD-L1 axis.(45)   
 The assessment of PC ploidy and proliferation have been long shown to provide 
prognostic information in MM. However, it should be noted that while the detection of 
both non-hiperdiploid DNA content and ≥1% PCs in S-phase are of independent 
prognostic value for OS in newly diagnosed MM patients, treatment with bortezomib-
based regimens might abrogate the inferior OS of patients with ≥1% PCs in S-
phase.(46) Thus, the prognostic value of MFC-based DNA studies should be revisited. 
 On a different note, MM patients are living longer with increasingly effective 
therapies, but long-term complications including second primary malignancies (SPMs) 
are becoming new challenges in designing optimal patient care. It has been 
demonstrated in large studies that amongst others, risk is particularly high for SPMs 
such as myelodysplastic syndromes (MDS) and acute myeloid leukemia (AML).(47) 
Importantly, such increased risk of MDS/AML has also been observed in MGUS 
patients (48), suggesting that increased risk for MDS/AML may not only be treatment 
related but inheritably high in MGUS/MM. Thus, there is need to investigate for 
biomarkers that uncover cellular alterations predisposing for higher risk of MDS/AML in 
MM. Recently, we have shown that in a small proportion of MM and SMM patients, 
phenotypic alterations, detected by high-sensitivity MFC immunophenotyping, are 
already present in BM hematopoietic cell compartments at diagnosis.(49) Moreover, 
our results showed that immunophenotypic dysplastic features are intrinsically related 
to a genetically abnormal BM hematopoiesis (50), and did not support a protective nor 
a triggering effect between Len/Dex and MDS development.(49) Thus, given the 
clinical significance of MDS-CA and the multiple therapeutic options currently available 
in MM, the information provided by these biomarkers should be integrated in clinical 
trials, where the prospective identification of patients at higher risk of developing SPMs 
such as MDS/AML should become a goal.(50) 
 
Conclusion 
 In the past, MFC immunophenotyping of PC has not been routinely applied in 
many laboratories for the diagnosis, classification and monitoring of patients with PC 
disorders. However, at present consensus exists about the clinical utility of MFC in at 
least three different areas (Table 1): i) the differential diagnosis and classification of PC 
disorders, ii) prognostic stratification of MGUS, smoldering MM or MM, and iii) MRD 
monitoring. Thus, MFC immunophenotypic studies should be considered mandatory in 
the routine evaluation of MM patients both at diagnosis and after therapy. In parallel, 




• MFC immunophenotyping of bone marrow and peripheral blood PCs affords 
cost-effective assessment of clonality, and provides prognostic information in 
MGUS and MM 
• MFC is one of the methods of choice for cost-effective yet highly-sensitive, 
standardized MRD monitoring. 
• MFC immunophenotypic studies should be considered mandatory in the routine 
evaluation of MM patients both at diagnosis and after therapy 
• Next-generation MFC is an attractive technique to study rare MM subclones 
(eg.: CTCs and MRD) and help understanding the mechanisms behind disease 
dissemination and chemoresistance 
 
Acknowledgements:  
1. Acknowledgements. None 
2. Financial support and sponsorship. This study was supported by the Cooperative 
Research Thematic Network grants RD12/0036/0048, RD12/0036/0058, 
RD12/0036/0046, RD12/0036/0069 of the Red de Cancer (Cancer Network of 
Excellence); Instituto de Salud Carlos III, Spain, Instituto de Salud Carlos 
III/Subdirección General de Investigación Sanitaria (FIS: PI060339; 06/1354; 02/0905; 
01/0089/01-02; PS09/01897/01370; G03/136; Sara Borrell: CD13/00340); and 
Asociación Española Contra el Cáncer (GCB120981SAN), Spain. The study was also 
supported internationally by the International Myeloma Foundation (IMF) Junior Grant, 
the Black Swan Research Initiative of the IMF, the Multiple Myeloma Research 
Foundation research fellow award, the Qatar National Research Fund (QNRF) Award 
No. 7-916-3-237, the AACR-Millennium Fellowship in Multiple Myeloma Research (15-
40-38-PAIV), and the European Research Council (ERC) 2015 Starting Grant. 




(1) Rajkumar SV, Dimopoulos MA, Palumbo A, Blade J, Merlini G, Mateos MV, et al. 
International Myeloma Working Group updated criteria for the diagnosis of multiple 
myeloma. The Lancet Oncology 2014 Nov;15(12):e538-e548. 
(2) Weiss BM, Abadie J, Verma P, Howard RS, Kuehl WM. A monoclonal gammopathy 
precedes multiple myeloma in most patients. Blood 2009 May 28;113(22):5418-5422. 
(3) Kyle RA, Remstein ED, Therneau TM, Dispenzieri A, Kurtin PJ, Hodnefield JM, et 
al. Clinical course and prognosis of smoldering (asymptomatic) multiple myeloma. N 
Engl J Med 2007 Jun 21;356(25):2582-2590. 
(4) van Dongen JJ, Lhermitte L, Bottcher S, Almeida J, van der Velden VH, Flores-
Montero J, et al. EuroFlow antibody panels for standardized n-dimensional flow 
cytometric immunophenotyping of normal, reactive and malignant leukocytes. 
Leukemia 2012 Sep;26(9):1908-1975. 
(5) Paiva B, Almeida J, Perez-Andres M, Mateo G, Lopez A, Rasillo A, et al. Utility of 
flow cytometry immunophenotyping in multiple myeloma and other clonal plasma cell-
related disorders. Cytometry B Clin Cytom 2010 Jul;78(4):239-252. 
(6) Dimopoulos M, Kyle R, Fermand JP, Rajkumar SV, San Miguel J, Chanan-Khan A, 
et al. Consensus recommendations for standard investigative workup: report of the 
International Myeloma Workshop Consensus Panel 3. Blood 2011 May 
5;117(18):4701-4705. 
(7) Paiva B, Vidriales MB, Perez JJ, Mateo G, Montalban MA, Mateos MV, et al. 
Multiparameter flow cytometry quantification of bone marrow plasma cells at diagnosis 
provides more prognostic information than morphological assessment in myeloma 
patients. Haematologica 2009 Nov;94(11):1599-1602. 
* (8) Paiva B, van Dongen JJ, Orfao A. New criteria for response assessment: role of 
minimal residual disease in multiple myeloma. Blood 2015 May 14;125(20):3059-3068. 
This manuscript offers a comprehensive review on the available techniques to monitor 
MRD and its potential clinical utility in MM.  
(9) Ocqueteau M, Orfao A, Almeida J, Blade J, Gonzalez M, Garcia-Sanz R, et al. 
Immunophenotypic characterization of plasma cells from monoclonal gammopathy of 
undetermined significance patients. Implications for the differential diagnosis between 
MGUS and multiple myeloma. Am J Pathol 1998 Jun;152(6):1655-1665. 
(10) Perez-Persona E, Vidriales MB, Mateo G, Garcia-Sanz R, Mateos MV, de Coca 
AG, et al. New criteria to identify risk of progression in monoclonal gammopathy of 
uncertain significance and smoldering multiple myeloma based on multiparameter flow 
cytometry analysis of bone marrow plasma cells. Blood 2007 Oct 1;110(7):2586-2592. 
(11) Paiva B, Vidriales MB, Mateo G, Perez JJ, Montalban MA, Sureda A, et al. The 
persistence of immunophenotypically normal residual bone marrow plasma cells at 
diagnosis identifies a good prognostic subgroup of symptomatic multiple myeloma 
patients. Blood 2009 Nov 12;114(20):4369-4372. 
(12) Paiva B, Vidriales MB, Rosinol L, Martinez-Lopez J, Mateos MV, Ocio EM, et al. A 
multiparameter flow cytometry immunophenotypic algorithm for the identification of 
newly diagnosed symptomatic myeloma with an MGUS-like signature and long-term 
disease control. Leukemia 2013 Oct;27(10):2056-61. 
(13) van Dongen JJ, Orfao A, EuroFlow Consortium. EuroFlow: Resetting leukemia 
and lymphoma immunophenotyping. Basis for companion diagnostics and personalized 
medicine. Leukemia 2012 Sep;26(9):1899-1907. 
(14) Bianchi G, Kyle RA, Larson DR, Witzig TE, Kumar S, Dispenzieri A, et al. High 
levels of peripheral blood circulating plasma cells as a specific risk factor for 
progression of smoldering multiple myeloma. Leukemia 2013 Mar;27(3):680-685. 
(15) Gonsalves WI, Rajkumar SV, Gupta V, Morice WG, Timm MM, Singh PP, et al. 
Quantification of clonal circulating plasma cells in newly diagnosed multiple myeloma: 
implications for redefining high-risk myeloma. Leukemia 2014 Oct;28(10):2060-2065. 
(16) Kumar S, Rajkumar SV, Kyle RA, Lacy MQ, Dispenzieri A, Fonseca R, et al. 
Prognostic value of circulating plasma cells in monoclonal gammopathy of 
undetermined significance. J Clin Oncol 2005 Aug 20;23(24):5668-5674. 
(17) Gonsalves WI, Morice WG, Rajkumar V, Gupta V, Timm MM, Dispenzieri A, et al. 
Quantification of clonal circulating plasma cells in relapsed multiple myeloma. Br J 
Haematol 2014 Nov;167(4):500-505. 
* (18) Gonsalves WI, Rajkumar SV, Dispenzieri A, Dingli D, Timm MM, Morice WG, et 
al. Quantification of circulating clonal plasma cells via multiparametric flow cytometry 
identifies patients with smoldering multiple myeloma at high risk of progression. 
Leukemia 2016 Jul 26. 
This manuscript provides strong evidence on the potential role for quantification of 
CTCs to predict risk of transformation in smoldering MM. 
(19) Paiva B, Paino T, Sayagues JM, Garayoa M, San-Segundo L, Martin M, et al. 
Detailed characterization of multiple myeloma circulating tumor cells shows unique 
phenotypic, cytogenetic, functional, and circadian distribution profile. Blood 2013 Nov 
21;122(22):3591-3598. 
(20) Ghobrial IM. Myeloma as a model for the process of metastasis: implications for 
therapy. Blood 2012 Jul 5;120(1):20-30. 
(21) Lahuerta JJ, Mateos MV, Martinez-Lopez J, Rosinol L, Sureda A, de la Rubia J, et 
al. Influence of pre- and post-transplantation responses on outcome of patients with 
multiple myeloma: sequential improvement of response and achievement of complete 
response are associated with longer survival. Journal of clinical oncology : official 
journal of the American Society of Clinical Oncology 2008 Dec 10;26(35):5775-82. 
(22) Paiva B, Puig N, Garcia-Sanz R, San Miguel JF. Is This the Time to Introduce 
Minimal Residual Disease in Multiple Myeloma Clinical Practice? Clin Cancer Res 2015 
Mar 9. 
(23) Rawstron AC, Gregory WM, de Tute RM, Davies FE, Bell SE, Drayson MT, et al. 
Minimal residual disease in myeloma by flow cytometry: independent prediction of 
survival benefit per log reduction. Blood 2015 Mar 19;125(12):1932-1935. 
(24) Rawstron AC, Child JA, de Tute RM, Davies FE, Gregory WM, Bell SE, et al. 
Minimal residual disease assessed by multiparameter flow cytometry in multiple 
myeloma: impact on outcome in the Medical Research Council Myeloma IX Study. 
Journal of clinical oncology : official journal of the American Society of Clinical 
Oncology 2013 Jul 10;31(20):2540-7. 
(25) Rawstron AC, Davies FE, DasGupta R, Ashcroft AJ, Patmore R, Drayson MT, et 
al. Flow cytometric disease monitoring in multiple myeloma: the relationship between 
normal and neoplastic plasma cells predicts outcome after transplantation. Blood 2002 
Nov 1;100(9):3095-3100. 
(26) Roussel M, Lauwers-Cances V, Robillard N, Hulin C, Leleu X, Benboubker L, et al. 
Front-line transplantation program with lenalidomide, bortezomib, and dexamethasone 
combination as induction and consolidation followed by lenalidomide maintenance in 
patients with multiple myeloma: a phase II study by the Intergroupe Francophone du 
Myelome. J Clin Oncol 2014 Sep 1;32(25):2712-2717. 
(27) Paiva B, Gutierrez NC, Rosinol L, Vidriales MB, Montalban MA, Martinez-Lopez J, 
et al. High-risk cytogenetics and persistent minimal residual disease by multiparameter 
flow cytometry predict unsustained complete response after autologous stem cell 
transplantation in multiple myeloma. Blood 2012 Jan 19;119(3):687-91. 
(28) Paiva B, Vidriales MB, Cervero J, Mateo G, Perez JJ, Montalban MA, et al. 
Multiparameter flow cytometric remission is the most relevant prognostic factor for 
multiple myeloma patients who undergo autologous stem cell transplantation. Blood 
2008 Nov 15;112(10):4017-23. 
(29) San Miguel JF, Almeida J, Mateo G, Blade J, Lopez-Berges C, Caballero D, et al. 
Immunophenotypic evaluation of the plasma cell compartment in multiple myeloma: a 
tool for comparing the efficacy of different treatment strategies and predicting outcome. 
Blood 2002 Mar 1;99(5):1853-1856. 
(30) Mateos MV, Oriol A, Martinez-Lopez J, Teruel AI, Lopez de la Guia A, Lopez J, et 
al. GEM2005 trial update comparing VMP/VTP as induction in elderly multiple myeloma 
patients: do we still need alkylators? Blood 2014 Sep 18;124(12):1887-1893. 
(31) Paiva B, Martinez-Lopez J, Vidriales MB, Mateos MV, Montalban MA, Fernandez-
Redondo E, et al. Comparison of immunofixation, serum free light chain, and 
immunophenotyping for response evaluation and prognostication in multiple myeloma. 
Journal of clinical oncology : official journal of the American Society of Clinical 
Oncology 2011 Apr 20;29(12):1627-33. 
* (32) Paiva B, Cedena MT, Puig N, Arana P, Vidriales MB, Cordon L, et al. Minimal 
residual disease monitoring and immune profiling using second generation flow 
cytometry in elderly multiple myeloma. Blood 2016 Apr 26. 
This study shows for the first time a potential role for characterizing immune 
reconstitution in parallel to MRD monitoring to improve prediction of outcomes in MM.  
(33) Korde N, Roschewski M, Zingone A, Kwok M, Manasanch EE, Bhutani M, et al. 
Treatment With Carfilzomib-Lenalidomide-Dexamethasone With Lenalidomide 
Extension in Patients With Smoldering or Newly Diagnosed Multiple Myeloma. JAMA 
Oncol 2015 Sep;1(6):746-754. 
** (34) Kumar S, Paiva B, Anderson KC, Durie B, Landgren O, Moreau P, et al. 
International Myeloma Working Group consensus criteria for response and minimal 
residual disease assessment in multiple myeloma. Lancet Oncol 2016 Aug;17(8):e328-
46. 
Novel response criteria by the International Myeloma Working Group. 
* (35) Barlogie B, Mitchell A, van Rhee F, Epstein J, Morgan GJ, Crowley J. Curing 
myeloma at last: defining criteria and providing the evidence. Blood 2014 Nov 
13;124(20):3043-3051. 
Interesting perspective on the curability of MM, based on very long follow-up of MM 
patients enrolled in consecutive Total Therapy programs. 
(36) Pessoa de Magalhaes RJ, Vidriales MB, Paiva B, Fernandez-Gimenez C, Garcia-
Sanz R, Mateos MV, et al. Analysis of the immune system of multiple myeloma patients 
achieving long-term disease control by multidimensional flow cytometry. 
Haematologica 2013 Jan;98(1):79-86. 
** (37) Paiva B, Corchete LA, Vidriales MB, Puig N, Maiso P, Rodriguez I, et al. 
Phenotypic and genomic analysis of multiple myeloma minimal residual disease tumor 
cells: a new model to understand chemoresistance. Blood 2016 Jan 11. 
This is the first study that investigated the biologic features of MRD cells in MM. 
(38) Paino T, Paiva B, Sayagues JM, Mota I, Carvalheiro T, Corchete LA, et al. 
Phenotypic identification of subclones in multiple myeloma with different 
chemoresistant, cytogenetic and clonogenic potential. Leukemia 2015 May;29(5):1186-
1194. 
(39) Mateo G, Montalban MA, Vidriales MB, Lahuerta JJ, Mateos MV, Gutierrez N, et 
al. Prognostic value of immunophenotyping in multiple myeloma: a study by the 
PETHEMA/GEM cooperative study groups on patients uniformly treated with high-dose 
therapy. J Clin Oncol 2008 Jun 1;26(16):2737-2744. 
(40) Schmidt-Hieber M, Perez-Andres M, Paiva B, Flores-Montero J, Perez JJ, 
Gutierrez NC, et al. CD117 expression in gammopathies is associated with an altered 
maturation of the myeloid and lymphoid hematopoietic cell compartments and 
favorable disease features. Haematologica 2011 Feb;96(2):328-332. 
(41) Murray ME, Gavile CM, Nair JR, Koorella C, Carlson LM, Buac D, et al. CD28-
mediated pro-survival signaling induces chemotherapeutic resistance in multiple 
myeloma. Blood 2014 Jun 12;123(24):3770-3779. 
(42) Rozanski CH, Utley A, Carlson LM, Farren MR, Murray M, Russell LM, et al. CD28 
Promotes Plasma Cell Survival, Sustained Antibody Responses, and BLIMP-1 
Upregulation through Its Distal PYAP Proline Motif. J Immunol 2015 May 
15;194(10):4717-4728. 
(43) Paiva B, Gutierrez NC, Chen X, Vidriales MB, Montalban MA, Rosinol L, et al. 
Clinical significance of CD81 expression by clonal plasma cells in high-risk smoldering 
and symptomatic multiple myeloma patients. Leukemia 2012 Aug;26(8):1862-1869. 
(44) Paiva B, Puig N, Cedena MT, de Jong BG, Ruiz Y, Rapado I, et al. Differentiation 
stage of myeloma plasma cells: biological and clinical significance. Leukemia 2016 Aug 
1. 
(45) Paiva B, Azpilikueta A, Puig N, Ocio EM, Sharma R, Oyajobi BO, et al. PD-L1/PD-
1 presence in the tumor microenvironment and activity of PD-1 blockade in multiple 
myeloma. Leukemia 2015 Mar 17. 
(46) Paiva B, Vidriales MB, Montalban MA, Perez JJ, Gutierrez NC, Rosinol L, et al. 
Multiparameter flow cytometry evaluation of plasma cell DNA content and proliferation 
in 595 transplant-eligible patients with myeloma included in the Spanish GEM2000 and 
GEM2005 
(47) Landgren O, Mailankody S. Update on second primary malignancies in multiple 
myeloma: a focused review. Leukemia 2014 Jul;28(7):1423-1426. 
(48) Mailankody S, Pfeiffer RM, Kristinsson SY, Korde N, Bjorkholm M, Goldin LR, et 
al. Risk of acute myeloid leukemia and myelodysplastic syndromes after multiple 
myeloma and its precursor disease (MGUS). Blood 2011 Oct 13;118(15):4086-4092. 
(49) Matarraz S, Paiva B, Diez-Campelo M, Lopez-Corral L, Perez E, Mateos MV, et al. 
Myelodysplasia-associated immunophenotypic alterations of bone marrow cells in 
myeloma: are they present at diagnosis or are they induced by lenalidomide? 
Haematologica 2012 Oct;97(10):1608-1611. 
(50) Matarraz S, Paiva B, Diez-Campelo M, Barrena S, Jara-Acevedo M, Gutierrez ML, 
et al. Immunophenotypic alterations of bone marrow myeloid cell compartments in 
multiple myeloma patients predict for myelodysplasia-associated cytogenetic 
alterations. Leukemia 2014 Aug;28(8):1747-50. 
  
  
Table 1. Utility of flow cytometry studies in the management of patients with 
multiple myeloma (MM). 
Disease stage Application References 
Smoldering MM 
Prediction of risk of progression based on the 
ratio of normal vs clonal PCs within the BM PC 
compartment 
(10,12) 
Prediction of risk of progression based on the 
number of CTCs in peripheral blood (14,18) 
   
Active MM 
Identification of MGUS-like patients based on the 
persistence of normal PCs (12) 
Prognostic information based on the antigen 
profile of clonal PCs (39,43,44) 
Assessment of potential therapeutic targets (45) 
Detection of MDS-like phenotypic abnormalities 
in other hematopoietic cells (49,50) 
MRD monitoring (23-25,27-29,31-33) 
PCs: plasma cells; BM: bone marrow; CTCs: circulating tumor cells; MGUS: 
monoclonal gammopathy of undetermined significance; MDS: myelodysplastic 
syndromes; MRD: minimal residual disease 
